To investigate whether menopausal state, body composition and lifestyle factors in¯uence total and regional bone mineral density in overweight Japanese women. DESIGN: Cross-sectional study of women who were recruited to the weight reduction program held at community-based health promotion center in Tokyo area. Subjects: A total of 178 women with a mean age of 48 y old (20 ± 69 y) with a clear menstrual history and BMI over 24. MEASUREMENTS: Total, regional and lumbar spine bone mineral density (BMD) and body composition were measured using DXA (Lunar). Menstrual history was taken by a questionnaire and walking steps per day and energy intake were measured. Physical ®tness was assessed by cardio-respiratory ®tness and leg extension power. Subjects were divided into pre-menopausal and post-menopausal groups. RESULTS: Pre-menopausal group had signi®cantly higher total body BMD as well as regional BMD than post-menopausal group. However, no differences in BMI, percentage fat and fat mass (FM) were seen between the two groups. The multiple regression analysis stepwise method revealed that total and regional BMD correlated with menopausal state and total FM independently. Total and regional BMD did not correlated with total non-fat soft tissue mass (NFSM), energy intake, walking steps or physical ®tness levels. Trunk and lower extremities BMD correlated with corresponding regional FM and NFSM, and upper extremities BMD correlated with only corresponding body part NFSM after adjusting menopausal state. CONCLUSION: Total and regional BMD had strong negative correlation with menopausal state rather than total FM in overweight Japanese women. Weight-bearing site BMD correlated with corresponding body part FM and NFSM and non-weight bearing site BMD only correlated with corresponding body part NFSM after adjusting for menopausal state.
Introduction
One of the main causes of bedridden conditions of the Japanese elderly is fracture due to osteoporosis. 1 Almost 40% of elderly patients with hip fracture become bedridden and the number of such patients has increased recently in Japan. Patients with spinal compression fracture are also increasing. They suffer from pain and decreased quality of life. With the increasingly aged population in Japan, prevention of fracture is becoming an important social and economic challenge.
The main cause of fracture is osteoporosis with bone mass or bone mineral content decrease. 2 Bone mass is in¯uenced by many lifestyle factors 3, 4 such as sex, aging, body weight, nutrition and physical activity.
Overweight exerts mechanical stress on the bone and prevents aging-induced bone mineral density decrease 5 ± 12 and fracture. 3 However, only a few data are available concerning the bone mineral density of Japanese overweight women. In Japan, about 30% of women are overweight, 13 but the effects of overweight on the bone mineral density have not yet been elucidated. In addition, ethnic difference in the osteoporotic fracture incidence has been shown to exist.
Body weight consists of fat mass and fat-free mass, and controversies exist as to whether fat mass or fat-free mass affect bone mass. 5 ± 11 Regional differences in the relationship between body composition and bone mineral density also exist, 15 and factors contributing to this difference should be clari®ed. In women, aging-related factors such as age at menopause, years since menopause and age itself affect bone mineral density. 16 It is necessary to consider these factors when we evaluate the bone mass of the overweight women.
The purposes of this study were to investigate the correlation between total and regional bone mineral density and body composition in overweight Japanese women and to elucidate the effects of age, menopausal state and lifestyle factors on this correlation.
Methods
Subjects were 187 women who were recruited to the weightreduction program held at a community-based health promotion center in Tokyo metropolitan area of Japan. Their body mass index was over 24.0 according to the overweight criteria of the Japan Society for the Study of Obesity. Two women with excess weight who were not suitable for the DXA measurement were excluded from the study. 17 Five women with unclear menstrual history and two women who were taking oral hormone replacement therapy were also excluded. The study subjects consisted of 178 women with a mean age of 48.1 AE 9.1 y (range 20 ± 69 y).
Bone mineral density and body composition measurements Total and regional bone mineral density (BMD) and body composition were measured using DXA (DPX-L, version 3.15, Lunar). Total body acquisition mode yielded fat mass (FM) and body non-fat soft tissue mass (NFSM), which was calculated by subtracting FM and bone mass from the total body weight. Total body BMD and three regional areas BMD (upper and lower extremities and trunk) were also measured. Regional FM and NFSM were also calculated. In addition, we scanned the 1st to 5th antero-posterior lumbar spine using spine acquisition mode and BMD of the 2nd to 4th lumbar spine (L2 ± 4) was measured.
Menstrual history
All the subjects answered a questionnaire concerning medical history, present medications, menopausal state and age at menopause. Menopause was de®ned as no menstruation for more than 12 months or surgical menopause with clear history of both oophorectomy and age over 45 y. Those with uncertain menstruation history were excluded from the study subjects.
Lifestyle factors (physical activity and energy intake) Exercise habit was de®ned as more than 30 min exercise more than once a week with more than`somewhat hard' intensity. Walking steps per day were measured every day for one week using a pedometer (Yamasa Company, Japan) and mean daily walking steps were calculated. Energy intake (kcal per day) was calculated using 2 day food intake records.
Fitness test
All the subjects underwent a cycle ergometer test. The ®rst load was 30 W and the load was increased by 20 W every minute in a symptom-limited test. Heart rate was monitored using a standard 12-lead electrocardiogram. Cardio-respiratory ®tness was measured using the physical work capacity at 75% maximum heart rate (PWC 75%HRmax ) method. 18 Leg muscle power (W) 19 was measured using a leg extension apparatus (Combi Anaeropress 3500, Japan).
Statistical analysis
Subjects were divided into two groups according to the menstrual history, pre-menopause and post-menopause. Comparison between pre-and post-menopause groups were done by the Student t-test. Comparison of the percentage of those with exercise habits between two groups was done by the chi-square value. Pearson's product ± moment correlation coef®cients were calculated to assess correlations among quantitative variables. Spearman's rank correlation coef®-cients were used for variables such as menopause and exercise habits. The multiple-regression analysis stepwise method was used to determine the relative contribution of variables on total and regional BMD. All analyses were twotailed and a P-value`0.05 was considered statistically signi®cant.
Results
Comparisons of body composition, lifestyle factors and physical ®tness between pre-menopausal 107 women and post-menopausal 71 women are shown in Table 1 . Age at menopause and years since menopause are also shown in the post-menopausal group. The pre-menopausal group had signi®cantly larger height, energy intake per day, PWC 75%HRmax and leg extension power and signi®cantly fewer walking steps per day than the post-menopausal group. However, no differences were seen between the preand post-menopausal groups in body weight, BMI, leg extension power per body weight and percentage of those with exercise habits.
Total, regional and lumbar spine BMD, total and regional percentage fat, total and regional FM and total and regional NFSM are shown in Table 2 . The pre-menopausal group had signi®cantly higher total BMD as well as regional BMD of upper extremities, trunk, lower extremities and lumbar spine than post-menopausal group. Total and regional percentage Regional bone mineral density and body composition JS Lee et al Comparisons between pre-and post-menopause groups were done by the Student t-test. *P`0.05; **P`0.01; ***P`0.001. NS, not statistically signi®cant. Regional bone mineral density and body composition JS Lee et al fat and FM did not differ between pre-and post-menopausal groups. NFSM did not differ between the two groups, except for the NFSM of lower extremities. Correlation coef®cients between total and regional BMD and age, menopausal state, body composition, life-style factors and physical ®tness were shown in Table 3 . Negative correlations were seen between total and regional BMD and age and menopausal state. Height, body weight had positive correlation with BMD. BMI had positive correlation with regional BMD of trunk and lower extremities and total BMD. Total body percentage fat had week correlation with BMD of trunk. Correlation between regional BMD and corresponding regional percentage fat, signi®cant correlation was seen in trunk. Total body FM had signi®cant positive correlation with regional and total BMD. Total NFSM correlated positively with regional, except for lumber spine, BMD and total BMD. Regional FM had a positive correlation with corresponding regional BMD. Regional NFSM had a positive correlation with corresponding regional, except for lumbar spine, BMD. Values are the Pearson's product ± moment correlation coef®cient. Correlation coef®cients between BMD and menopausal state and exercise habits were calculated by the Speaman's rank correlation coef®cient.`Regional' means corresponding body part; lumbar spine is matched with trunk. FM, fat mass, NFSM, non-fat soft tissue mass. *P`0.05; **P`0.01; ***P`0.001. Values are standardized multiple regression coef®cient. Values in parentheses are partial correlation coef®cients. Ð , not selected by the stepwise method (P`0.05). FM, fat mass, NFSM, non-fat soft tissue mass. *P`0.05; **P`0.01; ***P`0.001.
Regional bone mineral density and body composition JS Lee et al PWC 75%HRmax and leg extension power had positive correlation with total and regional BMD. Energy intake correlated with BMD of upper extremities, trunk and lower extremities and total BMD. Exercise habits were correlated with BMD of trunk. No correlation was seen between walking steps per day and leg extension power per body weight and BMD.
The results of the multiple regression analysis stepwise method are shown in Table 4 . Menopausal state, total body FM, total body NFSM, energy intake, walking steps per day, PWC 75%HRmax and leg extension power were used as independent variables. Age and menopausal state strongly correlated with each other, so we did not include age as an independent variable. Because, body weight was a sum of FM, NFSM and bone mass, we did not include body weight as an independent variable. As shown in Table 4 , total and regional BMD correlated signi®cantly with menopausal state and total FM (adjusted r 2 was 27.9 ± 43.8%). Energy intake, walking steps, PWC 75%HRmax , and leg extension power were not chosen as signi®cant variables.
The results of multiple regression analysis between regional BMD and corresponding regional body composition are shown in Table 5 . BMD of trunk and lower extremities had signi®cant correlation with menopausal state and corresponding body part FM and NFSM. BMD of upper extremities correlated with menopausal state and only corresponding body part NFSM. Regional body FM was not chosen as an independent variable.
Discussion
BMD measurement is a major concern of Japanese women because they fear future bone fracture.
1,2 DXA is considered the standard measurement of BMD. 1, 20 In Japan, DXA device was introduced in 1990s, and many studies concerning the BMD of community residents were reported. 21, 22 However, the BMD of overweight women has not yet been reported. We studied the correlation between total and regional BMD and menopausal state, body composition, and lifestyle factors in overweight Japanese women. Our study showed that menopausal state had a strong negative correlation with total and regional BMD of those women. BMD also positively correlated with FM after adjusting for menopausal state and NFSM. Regional BMD signi®cantly correlated with menopausal state and corresponding regional body composition.
Many studies have produced similar results concerning the positive correlation between body weight and BMD. 5 ± 12 Overweight subjects had higher BMD than normal or lean subjects due to a weight-bearing effect on the bone. Our results are consistent with these results. On the other hand, other studies have shown that BMD of women declined after menopause.
2,23 ± 25 However, studies concerning Japanese women's BMD did not separate the effects of body weight and menopause. 21, 22 In our study, multiple regression analysis revealed that total and regional BMD were correlated more strongly with menopausal state than the total FM and NFSM, therefore the decline of BMD after menopause would overcome the protective effects of overweight on BMD. We did not use body weight itself as an independent variable because we tried to separate the effects of FM and NFSM on the BMD. When the body weight was added as an independent variable to the multiple regression analysis, body weight was chosen as the signi®cant variable secondary to the menopausal status (data not shown).
In comparison with other Japanese studies of the general population, 26, 27 our subjects had higher regional BMD and slower age-related decline in BMD because our subjects were overweight women. In addition to the weight-bearing effect on the bone in overweight women, abundant FM might have a protective effect against age-related BMD decline and postmenopausal BMD decline. 28 In our study, the rate of menopause-related decline in regional BMD was fastest in lumbar spine and the order of the decline rate was lower extremities, upper extremities, trunk and total body. It was reported in previous studies that the rate of decline in BMD was fastest in the lumbar Values are standardized multiple regression coef®cient. Values in parentheses are partial correlation coef®cients. Ð , not selected by the stepwise method (P`0.05). FM, fat mass, NFSM, non-fat soft tissue mass.`Regional' means corresponding body part. *P`0.05; **P`0.01; ***P`0.001.
Regional bone mineral density and body composition JS Lee et al spine, 25, 26, 29 and that of the trunk was slower than upper extremities and lower extremities. 26, 30 Our results are consistent with these previous studies.
The positive correlation between body weight and BMD is unquestionable. However, correlation between body composition and BMD is controversial. Some studies have reported the positive correlation between FM and BMD 5 ± 9 and others have reported the correlation with fat-free mass. 10, 11 We investigated the differential effects of FM and NFSM on BMD. In our study, multiple regression analysis revealed that FM correlated with total and regional BMD after adjusting the menopausal state. NFSM, which we used as a measure of fat-free mass, was not chosen as an independent variables. Khosla et al 12 and Hla et al 31 reported that both FM and fatfree mass affect BMD in the same direction. Our results did not agree with this ®nding. Our study population consisted of overweight women with relatively large variation in FM and small variation in NFSM, so the weight-bearing effect on the BMD was attributed mainly to FM.
Only a few studies have focused on the regional difference between these correlations. When we investigated the correlation between regional BMD and total FM, total NFSM and menopausal state by multiple regression analysis, regional BMD correlated with total FM, not with total NFSM (Table 4) . However, when we investigated the correlation between regional BMD and corresponding regional FM and NFSM, the results were different. The BMD of lower extremities and trunk positively correlated with both regional FM and NFSM independently of the menopausal state. On the other hand, BMD of upper extremities correlated with only the NFSM of that region. At weight-bearing sites such as lower extremities and trunk, the preponderance of the effect of weight on BMD is a direct result of mass effects, whereas at non-weightbearing sites such as upper extremities, NFSM exerts more important effects, potentially mediated by muscle contraction force.
The limitations of our study are as follows. First, we could not obtain laboratory data on sex hormones and so we used self-reported menopausal state by questionnaire. We de®ned the post-menopausal state as more than 1 y from the last menstruation and age over 45 y. Therefore, the division between pre-menopause and post-menopause may not be correct. Second, our study subjects were women with overweight who were recruited to the weight-reduction program through a community newspaper. Since they had a positive attitude toward the health promotion activities, selection bias of the subjects might exist. Third, the age range of the subjects was 20 ± 69 y and we could not study the older age group with overweight. Fourth, the study was a cross-sectional design and we could not observe the longitudinal effects of weight change on BMD.
In summary, menopausal state had strong negative correlation with the total and regional BMD in overweight Japanese women. After adjusting for menopausal state, total FM had positive correlation with total and regional BMD, and total NFSM did not correlated with total and regional BMD in these women. However, BMD of non-weight bearing site such as upper extremities correlated with only same body part NFSM, and BMD of weight-bearing sites such as trunk and lower extremities correlated with corresponding body part FM and NFSM after adjusting for menopausal state.
